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tndicated ptoeh angle of strut support, dep
Model anpgle of attack, dep
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A veterence length ot the model upon which acvodvuamic
coctticients arve basced (CRAR = D), 4,50 {w, !
Manual fnput number s§x 1
Pltching-moment coetticient in the bodvy axis, pitching
moment / (Q) (8) ()
Yawing-moment coetticient {n the body axis, vawing !
moment /() (YD) j
i
t
Cottected vawing-moment coctticient 1un the body axtis, E
cortected vawing moment /(Q) (8) (D) ;
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Static vawing-moment cocfticient at ' = 0

\

Mapnus—momen g spin derivative coclficiont, JCIN/3(D/ VY, }‘
r.'hH.'\n_‘ f

Rollinp-moment coctt{cicent at P =~

Roll=-damping cocttictient from on-line data reduction 1
propram, {LTOT/ (O (S) ()] 3P/ V), radfan~!

Rotl-damping coctticient (rom the tinal reduction of
the ditterential correction data reduction oft-1ine '
methad, vadian”®

Normal=toree coettfeient {n the body axts, normal torce/ .

Q)
Contipurat fon number

Stde~torce coetticient in the bodv axis, side toree/
(S

Corrected stde-torce coctticient 1o the body axtis,
corrected side toree/(MOM(S)
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Hour of data acquisition

Model moment of inertia, slugs—ftz
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Total rolling moment, ft-1b :
Mach number :i

Set point Mach number
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Net pitching moment about the moment reference center, in.-1b

Balance axis yawing moment transferred to the moment
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Data acquisition mode
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Model spin rate, radian/scec

Frev-stream static pressure, psia
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one part number per ptich pelar

Test section plubw pressure-A systen, psta
Test section plenum pressure-B system, psfa
Spin parameter, radian

Tunnel diffusor pressure, psfa

Ilnitial roll position, radian ov pitch sector indicated
roll angle, deg

Model roll angle, deg
Model roll rate, radian/sec

2
Model angulav acceleration, radian/sec
Initial roll rate, radian/sec
Hyprometer mixture pressure, nsfa

Point number:  sequential indexing number for referencing
data with a part number

Average tunnel wall porosity, percent of wall area open
to test section plenum

Project number

Date ot data processing

Model steady-state spin rate, radian/sec
Steady-state spin paramcter, radian
Free-stream stagnation pressure, psfa
Free-stream stagnation pressure-A system, psfa
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1.0 INTRODUCTION

The work reported hervin was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systema Command (AFSC), under
Program Element 65807F, Control Number 9 R02-05-8. The project monitor
for AEDC/DOTR wias Wr. A. F. Money. The results were obtained by ARO,
Inc., AEDC Division (a Sverdrup Corporation Companv), operating con-
tractor for the AEDC, AFSC, Arnold Air Force Station, Tennessee. This
test was conducted in the Aerodynamic Wind Tunnel (4T) of the Propulsion
Wind Tunnel Facility (PWI), August 23, 1978 under ARU Project Number
P41C-20 and was 1in support of Technology Project V32A-R4.

A — e

The primary objectives of the wind tunnel program were to evaluate
the new AEDC High Alpha Roll Dynamics System for large models and
obtain scaling psramneter information., Data were obtained at Mach numbers
0.22 through 1,15 for a Reynoldis number per ft range of 0.69 x 106 through
2.50 x 10%, at angles of attack =5 to 25 deg, and spin rates up to
approximately ten thousand RPM. The model configurations (L/D of 10,
D= 4.5 in.) included the Basic Finner and the Modified Basic Finner.
The test data were compared with the test results obtained in the PWT
Tunnel 4T (ARO Project Number P41C-AOA) and the von Karman Gas Dynamics
Facility (VKF) Tunnel A (ARO Project Number V41A-ABA) during 1976 utilizing
the same configurations on a smaller scale (D = 1.8 in.).!

A copy of the final data 1s on file on microfilm at AEDC. Requests
for these data should be addressed te AEDC/DOTR, Arnold Afr Force Station,
Teancssee 37339,

2.0 APPARATUS

2.1 TEST FACILITY

Tunnel 4T i{s a closed loop, continuous flow, variable-density
tunnel in which the Mach number can be varied continuocusly from 0.1 to
1.3 and can be set at discrete Mach numbers of 1.6 and 2.0 by placing
nozzle insetls over the permanent sonic nozzle. The stagnation pressure
can be varied from <00 to 3,400 psfa at a majority of the Mach numbers.
The test section Ls 4-ft square and 12,5-ft long with perforated,
variable porosity (0.5- to !10-percent open) walls. It is completely
enclosed in a plenum chamber from which the afr can be evacuated,
allowing part of the tunnel afrflow to be removed through the perforated
walls of the test section, The model support system consists of a
sector and sting attachment which has a pitch angle capability of -7.5

'Jenke, Lerov M. "Experimental Roll-Damping, Magnus, and Static-
Stability Characteristics of Two Slender Missile Configurations at High

Angles of Attack (0 to 90 Deg) and Mach Numbers 0.2 through 2.5,"
AEDC-TR-76-58, July 1976,
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{ te 28 dey with respect to the tunnel centerline and a voll capability
} of -180 to 130 dep about the sting centerline. A more Complolejdoscrip-
tion o! the tunnel may be lound in the Test Facilities Handbook®.

S0 TEST ARTICLE

o

? AR Mode ]

—————

Twoe aluminum models (Fig. 1) were designed and tabricated by the ;
AEDC tor this test., One of them is commonly referred to as the Basic
{ Finner. 1t consists of a cone-cylinder with four rectangular fins.
! Overall model length is ten calibers, the coune half-angle {3 10 deg,
' and the fins are approxdmately one caliber in chord and have an overall
span of three calibers. A set of fins with a cant angle of 2.5 dey
wis tested.  Another configuration, the Modified basic Finner was alsco
¢ tested. Tt utilized the same Lody but used an ogive nose and four fins
with a trapezoldal planform and zero cant angle.

KITTY AT

The models were dynamically balanced in roll (fl-in. pm) at the "0
so that there would be no vibrational lcads on the balance. The moments
ol inertia of the model were measured and are considered to be accurate
f . to *0.5 percent. Installation of the Basic Finner Configuration in 4T

is sketched in Fip. 2a; a photograph of the Modified Basic Finner is
presented in Fig. 2b,

AT

a2

2.2 Test Mechanism

DS, oty

The AEDC High Alpha Rell Dynamics test mechanism for large models
(Fig. 3) is a sting mounted, four-component balai ce .cruciform desiyn
about the sting) with a shell mounted on ball bearings. A pneumatically
driven turbine is mounted near the aft end of the sting., The turbine
which can be engaged to the model mounting shell with a pneumatic clutch, 1
splns the model to the desired speed, and then is disengaged with the i
clutch to allow the model to spin freely on the ball bearings. The ;
turbine will produce a starting torque of 90 in.-1b anu a developed torgque u
P of approximately 140 in.-1b. A pneumatically-operated brake is mounted
immedintely aft of the model mounting shell aft of the balance. The
brake will provide a static brakiny moment of 170 in.-1b and a dynamic
braking moment of 105 in.-1b. The rotational speed, roll position, and
roll direction are computed from the electrical pulses produced Lv a ring ;
with alternating reflective and nonreflective surfaces passing three :
internally mounted infrared-emitting diodes and phototransistors. The
mechanism is designed to operate under nommal-force loads up to 1200 1b
(6000 RPM max) and axial-force loads of 150 1b and at maximum spin rates
of approximately 20,000 RPM (600 1b normal-force load max). Maximum .
side force {s 240 1b and is independent of spin rate.

“Test Facilities Handbook (Tenth Edftion). “Propulsion Wind Tunnel
Faciliecy, Vol. 4," Arnold Engineering Development Center, May 1974.




2.7.3 Conuerolier

Programmable control of the model status and the data acquisition
camputer was accomplished by a microprocessor-based controller (Fig. 4a).
This coutrol gystem,as diagrammed in Fig. 4b, automatically releases the
model, spins Lt to a specified rate, disergapes and stops the turbine,
inftiates and stops tLhe data acquisition computer, applies the brake, and
tells the model attitude computer to move the mechanism to the next angle
of attack. This makes the system more productive and is especially useful
in data acquisition for models which have spin down times of a few seconds
(e.pn., models with large fins and small inertias). A valuable feature of
this control system i{s the programmed monitoring of the turbinc/clutch/
bralke to aveild mechanism damage.

2.7 TEST INSTRUMENTAT LON

Model forces and moments were measured with the new AEDC four-~
component, force-type, strain-page balance, The small outrigper side heams
ol the balance were uscd to ohtain the sensitivity required to measure
smiall side loads while maintaining adequate balance stiffness for the
larper pfteh loads. A normal-force to side-force capability of five v
achieved for a 1200-1b normal force loading. The transfer distance to
the model moment reference was measured with a precision of $0,005 in.

A mode!l grounding strip was provided on the sting to detect model-
sting fouling. Brake pad temperature measurement was made with an iron-
constantan thermocouple.,

The sting pitch and roll angles were sensed by a synchrotransmitter,
Sting detlections due to loads in :he normal force and side force planes
were calibrated before model entry into the tunnel, Durlng testing, the
mode]l attitude was obtalned from a combination of the sting atticude and
sting-balance deflections under aerodynamic loads.

All stcady-state measurements were sequentially recorded by an on-
line computer system {n which the data were reduced to engineering units.
All transfent data samples werce averaped over a defined interval by the
on-line computer system which then reduced and tabulated a specified
numbher of averaged samples. All baliance measurements and the model
attitude were paralleled to a real-time digital data acquisition system.
Balance static and dynamic limits werce continually monitored during
testing,

3.0 TEST DESCRIPTION

o1 TEST CONDITIONS AND PROCEDURES

The test conditions are presented as foilows,
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-1 - TP(T[ME-TIMEI) + PHI1 (3)

%%(T]MH-TIMH])
Pl{l = e

Equation (3) was fitted to approximately 200 points of roll position (PNI),
time (TIME) data using a differential correction, least-squares technique
to determine the constants LO, LP, PI, and PHII. Equation (2) was then
used to calculate the roll rate. Numerous tare damping-data points were
obtalued (PT = 2050, 1000, 400, at V = 0) to evaluate the bearing friction,
The rolling-moment cvefficient at P = 0, CLO, and the roll-damping coef-
ficient CLP are defined as

ClLo = (Lo - LOB)/QSD
CLP = (LP - LPB)(ZV)/QSDZ
where the subscript B denotes bearing.

The Magnus coefficients (CYP and CINP) were determined from a linear
fit of side forve and yawing moment vs PD/2V for cach angle of attack.
The intercepts of the above data curve [its were utilized teo shift the
slde-force and yawing-moment data through zero to obtain CYC and CLNC.
Both the shifted data and nonshifted data were tabulated.

3.3 UNCERTAINTY OF MEASUREMENTS
3.3.1 General

The minimum accuracy of the basic measurements (PT and TT), based
on repeat calibrations, were found to be

APT ATT
T 0.0043 = 0.43X, T 0.0082 = 0.827%

Uncertainties in che tunnel free-stream parameters and the model
aerodynamic coefficients were estimated using the Taylor series method
or error propagation, Eq. (4),

\2 12 2 ; 12
eyt e PP g e OF Ay 4 0 3F av ‘

: s X e+ |y AX (%)
X \ o 2 T X \xn n)

1

where AF is the absolute uncertainty in the dependent parameter

Fo= (X]. X2. X3 e Xn) and Xn are the independent parameters (or
basic measutrements). Axn are the uncertainties (errors) in the inde-
pendent measurements (or variables).,

3.3.2 Test Conditions

The accuracy (based on 20 deviation) of the basic tunnel parametcrs,
PT and TT, and the 20 deviation in Mach number determined from test
section tlow calibrations were used to estimate uncertainties in the
ather free-stream properties using Eq. (4), The computed uncertainties
in the tunnel free-stream conditions are summarized in Table 2,




J.3.3 Test Data

The balance uncertainties for the maximum calfbration loads (sce
Table 3) given in Table 4 were combined with the tunnel parameter
uncertainties usloug the Taylor serics method of error propagation
(Eq. 4) to estimate the uncertainties in the model aerodynamic coef-
ficients (sce Table 5). The accuracy in setting and maintaining a
spectficd Mach number was $0.005, The uncertajnties in the model
angle of attack and sector roll angle were *0.1 and *0.2 deg, respectively.
The uncertaloty {n the model roll angle was $20 deg and the uncertainty
of model roll rate was t2.1 radian/sec.

4.0 DATA PACKACGE PRESENTATION

The final data package included tabulated data, magnetic tape data,
and iunstallation and configuration documentation photographa. Comparison
of the data with the reference 4T test results (AEDC-TR-76-58) are pre-
sented in Fig. 5. The data generally agree within the measurement
uncertainty and therefore the comparison is considered favorable. A
sample of the tabulated data 1s shown in Table ©.
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Symbol ALF-M RED X 10% Data

10.02 0.41 Current

9.97 0.41 AEDC-TR-76-58

0.5 -
CYC
°r D=y~ o
’05 1 A 1 . d
0.5 ¢
i CLNC 0 O—O0—0 2 -
o kL © o) o 0 Q 2
-0.5 L 1 e _a 1 ’
0 0.02 0.04 0.06 0.08 0.10
PD/2V
a. Modified Basic Finner, CYC and CLNC Versus PD/2V, M =0.90 )

Fig. 5 Data Comparison
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TABLE 1. TEST MATRIX SUMMARY

% MODIFIED BASIC FINNER MODEL
; FIN RED R MACH NUMBER
b CONF 6 G
CA 10 10 Y T3
.- NT X X 0.000" '] 0.60 "] o0.90
b 2 0.0 0.00 0.00 {118-121"
0.26 0.70 124,127
0.41 1.10 131,132 134
‘ # 0.95 2.50 137,138
BASIC FINNER MODEL
FIN RED R MACH NUMBER
CONF | [0 % 6 : =R
CANT X 10 X 10 0.22(4) 0.60(5) 0.90“" 1.15 7 t
’si
4 2.5 0.10 0.78 148,149 g
;
0.41 1.10 168,169 £
l”:
5
0.75 2.00 | 156.157 163,164 166 i;
1
§
v v 0.95 | 2.s0 159,161 ¥
P
I|-4
*part number )
iy
Notes: (1 RPM mnx = 6408, (V = 0, tare) %
(2) RPM max = 4966 :
(3 RPM max ~ 4364 @
(1) RPM max = 353 g
8 RPM max = 986 !
(68) ARPM max = 980
()] RPM max = 1108

29




TABLE

2

(+) ESTIMATED UNCERTAINTY IN TUNNEL TEST CONDITIONS

For R 1.1 X 106(M=0.6 and 0.9), and R~2 X 106(M=0.22 and 1.15)

AT PEIETTR YW YO

x ¥
Uncertainty MACH NUMBER
0.22 0.60 0.90 1.15

oM 0.006 0.007 0.007 0.005
8Q 5.95 2.93 1.99 1.87
APT 4.30 2.61 2.34 3.10
apl 4.33 2.39 1.99 2.16
ATT 0.75 0.75 0.75 0.75
ay 7.3 7.7 6.4 4.0

‘1n the units of the parameter %

X

1

k{

i

H

TABLE 3 1

BALANCE LIMITS f

Balance Design Calibration ;

Component Limit Limit j

2

Forward, Aft FNG, 1lb 1200 500 [

Forward, Aft FYG. 1b 240 100 |

i

* 6000 RPM max for this loading.

30



(*) ESTIMATED UNCLERTAINTY

(1) ESTIMATED UNCERTAINTY

TARLE

IN BALANCE CALTBRATION

(‘("l'::)(l“\l:;:); 1b ki I‘;Ngﬂut‘ llom:‘:%u:J
AFN 2.50 0. 46
AFY 0. 44 0.29
AMM 6.43 2.03
AMN 2.14 1.01

* Maximum calibration loading

TABLF

' [4
f ]

IN AFRODYNAMIC COEFFICUTENTS

ALEF-M. Mac h "0
Parameter l i;OM Mach Number
| VoK 0.22 0.60 0.90 1.15
ACN 0 0.3743 0.296 0.220 0.105
20 0.410 0.295 0.216 0.106
ACY 0 0.078 0. 06" 0.045 0.022
20 0. 080 0. 062 0.045 0.022
ACIM 0 0. 289 0.6R0 0.505 0. 081
20 0.447 0.1367 0. 489 0.0
b e o e e . el —— e e s ea m . mam s - —
ACLN 0 T 0.089 0,116 0. 088 0.025
20 0.094 0.117 0. 086 025
ACYP 0 0.820 0. 066 0.2R82 0.207
20 0.275 0.372 0.696 1.074
ACINP 0 0.188 0.165 0.122 0.043
20 0. 139 0.185 0.123 0.820
2011 0 1.229 0.353 0.308 0.342
20 1.111 0.327 0.207 0.406
Apnjzvl 0 I (. 0007 0,001} 0.00086 . 0003
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